sulphate ion is poorly absorbed, there are no available data on how much sulphate reaches the colon nor on the relative contributions from diet and endogenous sources. To resolve these questions, balance studies were performed on six healthy ileostomists and three normal subjects chosen because they did not have detectable sulphate reducing bacteria in their faeces. The subjects were fed diets which varied in sulphate content from 1.6-16.6 mmol/ day. Sulphate was measured in diets, faeces (ileal effluent in ileostomists), and urine by anion exchange chromatography with conductivity detection. Overall there was net absorption of dietary sulphate, with the absorptive capacity of the gastrointestinal tract plateauing at 5 mmol/day in the ileostomists and exceeding 16 mmol/day in the normal subjects. Endogenous secretion of sulphate in the upper gastrointestinal tract was from 096-2.6 mmol/day. The dietary contribution to the colonic sulphate pool ranged up to 9 mmolV day, there being linear identity between diet and upper gastrointestinal losses for intakes above 7 mmol/day. Faecal losses of sulphate were trivial (<0.5 mmol/day) in the normal subjects at all doses. It [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] kg) volunteered for the study. All were fit, had not been hospitalised, and had not received antibiotics in the preceding 10 months, and, apart from one woman on oral diabetic treatment, were taking no medication. No subject had more than 10 cm of terminal ileum resected at the time of their colectomies which were for ulcerative colitis (five subjects) and for metachronous bowel cancer (one subject).
Experimental protocol
The volunteers were admitted to the metabolic unit of this centre for up to Tables I and II. tStandard error difference of means.
according to protocol was 94% and 92% respectively (two subjects). Recovery of sulphate from samples spiked with inorganic sulphate and then treated with acid hydrolysis was 90%; recovery of ester sulphate added as chondroitin sulphate to urine and effluent, and stored according to protocol was 100% and 91% respectively (two subjects). Mean (SE) recovery of free and total sulphate in ileal effluent was 0-29 (0.02) and 1-3 (0.11) mmol/day respectively for the lowest sulphate diet, increasing to 8-2 (0.5) and 10-8 (0.7) mmol/ day for the highest sulphate diet (Table III) . Total sulphate excretion in ileostomy fluid was directly proportional to ingested sulphate for intakes above 7 mmol/day and there was a net loss of sulphate into ileostomy fluid for dietary intakes of less than about 1 mmol/day (Fig 1) . Excretion of bound sulphate increased slightly with increasing dietary intake, from 0-96 (0.14) to 2-6 (1-3) mmol/day (Table III) ; (linear regression analysis r=0.90, slope=0.12, p=0013). This correlation persisted when multiple regression analysis was used to distinguish the different roles of dietary sulphate and ileal dry weight in determining bound sulphate: ileal bound sulphate (mmol/day)=0 016xileal dry weight (g/day) +0-06xdietary sulphate (mmol/day) +0.17 mmol/day, r=0 99, p=0 000. *Mean (SED) net intestinal absorption (dietary -total ileal sulphate) was 0.85 (0.22) mmol/day for the lowest sulphate intake, increased to 5 0 (1 5) mmol/day for higher intakes, and plateaued at sulphate intakes above 7 mmol/day. This correlated with excretion of urinary sulphate which also plateaued at intakes above 7 mmol/ day (Fig 2) . The intercept of urinary sulphate at zero sulphate intake, 14.8 mmol/day (Fig 2) , represents sulphate derived from oxidation of S-amino acids. This is close to but slightly less than the mean amino acid sulphur in the diets, 18 .5 (0.76) mmol/day, calculated from The Composition ofFoods8 values (Table II) .
Although there was a tendency for total urine sulphate to be greater than free urine sulphate, significant bound sulphate was not detected in ileostomy urine samples.
Total excretion of sulphate in ileostomy fluid and urine correlated linearly with intake of sulphate (Fig 3) . (The excretion value at dietary sulphate 7.2 mmol/day corresponds to the diet with the highest calculated S-amino acid; Table II ).
FAECAL BALANCE STUDY
Sulphate reducing bacteria were not detected during the collection periods; nor was evidence of sulphate reducing bacteria activity found in any of the faeces, even during sulphate feeding. The sulphate content of the unsupplemented diet was 1.6 mmol/day, and for the supplemented diets 6.6 mmol/day and 16.6 mmol/day (Table IV) . The calculated mean S-amino acid content of the diet was 23.4 (15) mmol/day, based on The Composition ofFoods.8 Mean faecal weight which was 94 (12) g/day, increased with corresponding increasing sulphate intakes (80, 95, and 112 g/day), but this was not significant (p>0 2). dietary sulphate of7-2 mmollday corresponds to the diet with the highest calculated S-amino acid (Table II) . Bars show standard error ofthe mean. The sulphate content of faeces from the sulphate reducing bacteria-negative volunteers was uniformly low for all diets with mean total faecal sulphate excretion being 0.26 (0.06) mmol/day, mean free faecal sulphate 0 10 (0 04) mmol/day, and mean bound sulphate 0.16 (0. 10) mmol/day. There was a small increase in faecal sulphate with increasing dietary sulphate (Table  IV) , which was not significant.
Urinary excretion of sulphate correlated linearly with dietary sulphate, linear regression r=0.94, p<0 02 (Fig 4) ; 97% of dietary sulphate was excreted in urine. The intercept of urinary (Fig 4) . There was appreciable bound sulphate in the urine (Table IV) The contribution of endogenous sulphate to the total colonic sulphate pool seems to be small. It is, however, underestimated in this study, because first and foremost the study does not quantify the amount of sulphate from colonic mucin. This may be considerable as radiographic tracer methods and histology in animals59 and humans"6' indicate that colonic mucin is more highly sulphated than small intestinal and gastric mucin. Secondly, a possible enteroenteral or enterohepatic recirculation of sulphate or sulphate-hydrogen sulphide-sulphate due to bacterial and human cell metabolism has not been quantified. Incorporation of blood sulphate into mucin is rapid59 and although quantitatively a minor route of sulphate excretion in this study, it may be important for the metabolism of mucin-degrading colonic bacteria.
Diet and intestinal absorption are the principal factors determining the size of the colonic sulphate pool in this study. Because the magnitude of this pool is likely to be a major determinant of sulphate reducing bacteria carriage and activity, it therefore follows that the epidemiology of human methanogenesis, which is inversely related to the carriage of sulphate reducing bacteria,5 should be determined at least in part by the quantity of sulphate ingested. There are no available data on sulphate intakes in human populations. We have, however, measured the sulphate in a composite rural African diet from a predominantly methanogenic population62 and found it to be only 2-7 mmol/day (unpublished results), despite a large beer intake. By contrast, the high dietary sulphate consumed by the British population is associated with the carriage of significant sulphate reducing bacteria.5 Furthermore it is possible to stop methanogenesis in some subjects fed inorganic sulphate.7
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